Fitness for What?
The definition of physical fitness has so far proved elusive. The terms 'working capacity' or 'physical work capacity' are widely used by physiologists, and the maximum aerobic power (Vo°max) has been accepted as an international reference standard of physical work capacity in man (PWC). Methods of measurement have been agreed by working parties of the Human Adaptability Section of the International Biological Programme (Weiner & Lourie 1969) . The use of physical work capacity has the great advantage that this term can be defined, and acceptably precise measurements can be made in the individual.
However, before considering physical work capacity, other attributes of the concept of physical fitness should be examined. These include muscular strength, endurance and muscular performance involving a degree of skill. It has been widely recognized that physical fitness, regarded from the point of view of one or other of these attributes, can be relatively specific. One of the major difficulties in defining physical fitness is that an individual who scores or is rated highly or exceptionally 'fit' according to one criterion may be assessed only as moderate or low by another.
In any discussion of physical fitness, reference is properly made to athletes as they exemplify the best or fittest individuals, amongst whom are the world record-holders for varying feats of physical performance. But it has become obvious that there is not one class of individuals who can be labelled 'athletes', and about whose character-istics valid generalizations can be made. Instead, there are many different groups of athletes, highly specialized for their particular event, whose physical characteristics will differ markedly and indeed obviously. The contrast between a wrestler and a jumper, or between a sprinter and a longdistance runner, is startling purely on appearance. Tanner (1964) , in his study of Olympic athletes, has emphasized this point and has shown very clearly the degree of physical specialization involved for world class athletes. Therefore, athletes do indeed provide standards of excellence but not necessarily in all the attributes associated with physical fitness.
The attribute of muscular strength has received much attention, particularly from those engaged in physical education, partly no doubt because strength is a characteristic desired by many but also perhaps because it can be measured. Dynamometers have long been available, although it is only in recent years that adequate attention has been paid to their design (Darcus 1953 ).
An important aspect of muscle strength is the effect of training and of disuse. The strength of a particular muscle group can be increased considerably by suitable training; on the other hand disuse leads to rapid decline. It was shown by Muller and his colleagues that muscle training could be achieved by very short periods of daily training, lasting for only a minute of sustained contraction each day. This work has recently been summarized by Muiller (1965) .
Other work in Denmark has shown that muscle training is highly specific (Bonde Petersen et al. 1961) . Isometric training was compared with dynamic training, i.e. muscular contraction with and without muscle shortening. Performance at the end of the training period showed that isometric training improved both isometric and dynamic strength, but dynamic training had a much greater effect on dynamic strength than on 7 Proc. roy. Soc. Med. Volume 62 June 1969 isometric strength. Asmussen and his colleagues (Asmussen et al. 1959) have measured muscle strength in a number of muscle groups in several hundred men and women in the age range 15-60 years. Their results show the lower strength of women compared with men, and the curvilinear change of strength with age, increasing in most cases up to 35 years and then declining. As well, the figures given by these authors provide most useful standards.
The relationship of muscular strength to 'fitness' will depend upon personal judgment. Since muscle groups can be separately trained it is possible to develop the muscle-man so admired by those who go in for body-building. Such an individual may score well on measurements of strength but could have a cardiorespiratory system which fails to match his muscular strength. He might be described as being peripherally fit.
Performance tests have been and still are commonly employed as measures of physical fitness. Probably the best known is the Harvard Step Test, which can be scored in terms of the duration of performance and post-exercise heart rates. Other tests include gymnastic feats, such as the number of press-ups, or pull-ups on a bar, or the height of standing jumps. Scoring is strictly in terms of achievement. All performance tests have the disadvantage that motivation plays a considerable part, so a poor score is not necessarily evidence of poor fitness. A good score, on the other hand, does not invariably provide evidence of a high state of fitness. Learning or skill play an important role, and many 'keep fit' regimes consist of exercises similar to those listed. Fletcher (1960) showed the dramatic effect of practice on the Harvard Step Test. In this test the subject steps up and down on a stool of standard height at the rate of 30 steps/minute. The test was originally designed on the basis that a fit subject could carry out the test for five minutes, by which time he would probably be exhausted. Fletcher's subjects practised stepping once a day up to exhaustion, which initially was only three minutes. The subjects, who were sedentary laboratory workers, were able gradually to increase their' stepping time until, after three weeks, they could continue for fifteen minutes before exhaustion. It is for this reason that the Harvard Step Test has l?een considered to be only a measure of the ability to perform the Harvard Step Test. Rasch & Wilson (1964) , amongst others, have shown that there is a very low correlation between the Harvard Step Test score and the time taken to run three miles.
They also stressed the low correlations between three different fitness tests.
.The term endurance has been given above as one of the attributes of physical fitness, but an attempt at definition must first be made. As a first approximation, endurance may be considered as the ability to continue a particular type of muscular work. Endurance would therefore be measured in units of time or of total 'work' performed. In the reference above to Fletcher's experiment, the duration of stepping could be considered as a measure of endurance. The experiments on dynamic and isometric muscle training by Bonde Petersen et al. (1961) and by Hansen (1967) also included studies of endurance as a measure of the time for which the particular exercise could be maintained. A high degree of specificity was found. After a period of dynamic muscle training, no change was found in the ability to maintain a static contraction, i.e. no increase in endurance, but a very striking increase in dynamic endurance. The reverse was found in subjects training in static contractions. Endurance, as described, is very markedly affected by training, but is highly specific, and this seems to apply to training of particular muscle groups as well as training of specific activities. There is very little transference of training from one muscle group to another.'
The three attributes of strength, performance and endurance have one feature in common, the impressive effect of training or learning. There is also a degree of overlap in that endurance forms part of some performance tests, as evidently does muscle strength. Knowledge of the strength of one muscle group is inadequate as an index of the strength of a different muscle group; similarly, performance in the standing jump provides little to predict the number of 'pull-ups' which can be achieved. Endurance measures are not interrelated.
The physical work capacity, defined in terms of the maximum oxygen consumption of the individual, is also an attribute of physical fitness, but differs rather markedly from those so far considered. In the test, the subject carries out increasingly severe work, usually on a bicycle ergometer or treadmill where the work output can be accurately controlled and measured. Heart rate and ventilation volume are recorded, but the essential measurement is of oxygen consumption, with every effort to get the subject to perform at his maximum. The results are expressed usually as litres of oxygen per minute or as millilitres of oxygen per kg body weight or of lean body weight. Once again, motivation is important. A useful physiological guide in this particular situation is the maximum heart rate, i.e. heart rate during the performance of maximum work, which will depend on age and sex, but in any reasonably homogeneous group is very similar.
As an example, in subjects in their 20s maximum heart rate will be of the order of 190. If an indi-Section ofMeasurement in Medicine vidual stops work at a heart rate of 150 it is pretty certain he has not attained his maximum rate. Furthermore, when maximum oxygen consumption is reached a higher level of work is still possible without further increase in oxygen consumption. (The additional work output can only be maintained for a short time, the energy required involving anaerobic mechanisms and oxygen debt.) If a subject reaches this plateau, then it can be quite safely assumed he is at his maximum. Inadequate motivation may yield limited information but it does not necessarily provide misleading results. The technique of measurement is usually left to the physiologists.
The prediction of Vo2 max from measures of submaximal work has been attempted by many, and a nomogram for calculation of aerobic capacity (Vo2 max) from pulse rate during submaximal work has been developed by Astrand & Ryhming (1954) . The error involved is of the order of 15-20% which is, in many cases, unacceptably large, and improved relationships have been sought by including factors such as muscle mass in the equations. The effects of training on Vo. max appear to be relatively slight. There are a number of reports showing increases of the order of 10% after several months of training, e.g. Ekblom (1966) .
Measurements have now been made of many subjects in different parts of the world, including athletes of all types. Medium and long-distance runners have the highest levels of maximum oxygen capacity, whereas sprinters and those engaged in explosive efforts, such as jumpers, have much lower levels although usually greater than the non-athletic population. There are differences amongst the latter, but in general these are less than might be predicted, at least when results are expressed in terms of ml/kg. Since the effects of training appear to be relatively small and endurance athletes differ so markedly from the general population, the implication is that genetic rather than environmental factors are of particular importance. There is, of course, a gap in this argument, and that is the absence of evidence of the effects of training children and adolescents. The relationship between work performed and oxygen consumption is very similar in all subjects (Christensen 1937 , Margaria 1938 . The difference between individuals is shown by the levels of oxygen consumption and of work output which can be attained. And there are, of course, other differences such as the heart rate in relationship to oxygen consumption. In an individual, at a particular time, there is a linear relationship between heart rate and oxygen consumption, but the slope of the lines varies very considerably between individuals.
The physiological significance of 'physical work capacity' or 'maximum oxygen consumption' is that it is a measure of the oxygen transport system from the atmosphere to the muscles. If there are any weaknesses in this system, then Vo, max is reduced, but without other measurements no definite conclusions can be drawn as to the site of weakness. As an index of 'physical fitness', this measure is undoubtedly important and justifies the attention paid to it by physiologists. However, it may well be reasonable to question its value as the only index. There is a poor correlation between V°2 max and measurements of muscular strength and performance tests. There is probably a poor correlation between Vo2 max and endurance, defined for this purpose as the time for which the individual can continue work at, e.g., 75 % of maximum on a bicycle. This is implied by the statement that training increases endurance, but only has a small effect on maximum oxygen consumption. If the concept of physical fitness is re-examined few would doubt that there had been an increase of fitness if endurance was increased. Although increasing endurance by training on a bicycle ergometer develops thigh and leg muscles, the primarily cardiovascular changes must not be overlooked. Cardiac output increases with work and reaches maximum levels with maximum work. In the test procedure such levels can only be maintained for 3-5 minutes, but even submaximum work of the order of 75 % cannot be kept up much longer. If training at the 75 % level can be continued for thirty minutes or more, the conclusion must be that a high level of cardiac output can also be maintained. So far little is known of this important aspect, which might be termed 'cardiovascular fitness'. In occupations such as farming, as it was habitually practised in this country and still is today in large areas of the world, sustained physical effort was required and would have been the practical basis of assessment. This argument implies that the question 'fitness for what?' could be answered as 'fitness for the demands of life' including occupation and recreation. Until recently, the occupations of the great majority of mankind involved more or less strenuous muscular work, hence fitness meant the capacity for sustained physical effort. Recreational activity was relatively insignificant. Today, that pattern is changing rapidly in the industrially advanced countries; there is still dependence upon human muscular work but it is decreasing, and the occupational need for physical fitness is no longer so demanding. For many, leisure means physical rest or a minimum of activity, and the fact that ability to continue a moderate level of physical work is declining is seldom cause for concern. In these circumstances fitness for the demands of life does not imply a very strict stan- This paper analyses the contributions of different components of the oxygen transport system to aerobic capacity, which is the maximum uptake of oxygen during exercise. The transport system is illustrated in Fig 1; its components and some physiological indices by which the components may be described are listed in Explosive force *vo=02 uptake; for the need for standardization to a constant oxygen uptake see Cotes (1969) 
